If there is an appreciable contribution from shear heating, the heat flow constraint implies that the seismogenic layer is partially decoupled at its base and that the basal traction is in the sense that resists fight lateral motion on the fault(s). As a result of these basal tractions, the average sheafing stress in the seismogenic layer would increase with distance from the main fault, and the seismogenic layer would offer substantial resistance to plate motion even though resistance on the main fault might be negligible.
INTRODUCTION
The simplest models of pure strike slip upper-crustal earthquakes such as those on the San Andreas fault can be considered in terms of three fundamental stresses: an average component of shearing traction in the direction of fault slip that exists at the onset of faulting, a corresponding component that exists at the conclusion of faulting, and an average resisting stress that results in the local conversion and loss of mechanical energy during an earthquake. Indirect estimates based on seismological observations provide information on differences among these generalized stresses but not on their absolute magnitudes. Similarly, geodetic observations of deformation at the earth's surface provide information on rates of accumulation and release of strain, but they do not generally distinguish between elastic and inelastic components, and in any case, they provide no means of extracting the absolute value of elastic strain necessary to estimate the magnitudes of the fundamental stresses. Although seismologic and geodetic ob- haps an order of magnitude) we can scarcely claim to understand the physics of earthquakes or the resistance to plate motions. It is seen that with seismologic estimates of two independent relations among the stresses (for example, apparent stress and stress drop), it is in principle possible to estimate the magnitudes of all three stresses from an estimate of the magnitude of any one of them. Measurements of rock friction provide additional useful constraints. In the first part of this paper, we address the problem of estimating the magnitude of the resisting stress from considerations of the thermal budget of the fault zone. Brune et al. [1969] that for the longterm average displacement rates that have been documented on the San Andreas fault, the frictional heat generation should result in a conspicuous local heat flow anomaly if the average dynamic frictional resistance in the seismogenic zone exceeded a hundred bars or so. Since no such heat flow anomaly had been observed, it was concluded that this stress limit applied. Applying seismically derived constraints on stress drop and apparent stress, they concluded that the initial (tectonic) stress was probably limited to about 250 bars. Addi- that dynamic friction in the seismogenic zone of that fault averaged at least I kbar. Conclusions from all of these studies were based upon heat conduction models, which are elaborated somewhat in the next section and then applied to the heat flow data presently available near the San Andreas fault. The new data generally confirm the conclusions of earlier studies, viz., that there is no detectable local heat flow anomaly at the San Andreas fault trace. After considering the probability of heat removal by hydrologic processes, we conclude that it is unlikely and consequently, that the 100-bars limit on average frictional resistance probably applies while fault motion is in progress. We then consider the heat flow constraint in terms of generalized results on rock friction and seismic stress differences and confirm that if the constraint on total seismic radiation is taken at face value, the fault must be surprisingly weak even when fault motion is not in progress. Following these considerations of heat flow near the fault trace, we examine the broad heat flow anomaly observed throughout the California Coast Ranges and its implications for the evolution and mechanical behavior of the San Andreas fault zone.
It was pointed out by

RESISTING STRESS AND LONG-TERM THERMAL EFFECTS OF STRIKE SLIP FAULTING
When slip occurs on a fault, elastic energy stored in the earth is released. Some may appear as kinetic energy of seismic radiation that leaves the fault zone, and the remainder is consumed locally in overcoming the resistance offered by the fault to progress of the slip motion. (In a recent model by Melosh [1979] , resistance to the moving fault surface is reduced by acoustic oscillations. In our analysis of energetics, the acoustic energy absorbed in the vicinity of the fault will contribute to the fault resistance, and any remainder, to the radiated energy.) Despite its importance to the understanding of earthquakes and crustal stress, the magnitude of this resistance is unknown. Some of the work done against fault resistance must be allocated to the production of heat through various small-scale inelastic frictional processes; the rest could be consumed by other energy sinks such as metamorphic and chemical reactions or by the surface energy associated with the creation of new fractures and flaws. Although the nonthermal portions are generally expected to be small, they probably should be identified and evaluated systematically. In this section, we shall attempt to evaluate only the effects of surface energy. We shall then discuss the theory necessary to evaluate the thermal part of the resistance on the assumption that the frictionally generated heat is transmitted by conduction (an assumption we examine in a later section).
If the sliding motion of two rigid blocks with uniform relative velocity 2v is opposed by an average resisting stress R, the rate of energy dissipation per unit fault area can be written as 
We shall first consider the relative importance of R•.
The Role of Surface Energy
Consider a portion of a fault surface of area A that has been active for a time t during which relative displacement 2vt --2u has occurred. We suppose that this motion has resulted in the creation of new surfaces of area a and sp6cific surface energy It is important, to distinguish between surface energy and the 'fracture energy' used in models of macroscopic fracture; most of the fracture energy ultimately appears as heat. In studies reported by McGarr et al. [1979] , specific 'crushing energies' of about 5 x 105 erg/cm 2 were determined from crushing tests on quartzite. They emphasize, however, that it is not known how the work of crushing was partitioned among surface energy, heat, and elastic waves.
It might be argued that over periods of millions of years the gouge might be repeatedly healed and refractured. Although this could be important to the energetics of individual events, it seems likely that the healing process would release the surface energy as heat, and no long-term cumulative storage as surface energy would result. In what follows, we shall neglect the contribution of surface energy and use the symbols r and R interchangeably.
Thermal Effects
Equation ( ures 2 and 3) , a substantial fraction of the anomaly will develop in a few hundred thousand years, and the anomaly will be sharply peaked. For wider fault zones, the peaks of the heat flow curves would be subdued somewhat, but this effect is not important as long as the fault width is small in relation to the thickness of the seismic layer. A major problem in applying models of an infinitesimally thin strike slip fault to frictional heating lies in determining in the body of the seismogenic layer or beneath it. If the former is appreciable, it should be associated with a local anomaly over the fault, according to the models we have just presented; the latter may be associated with a broader thermal anomaly [see Lachenbruch and Sass, 1973] .
Although both •arts of the problem will be discussed, at present, we are interested in limits to fault friction implied by local heat flow observations. For this purpose, we shall com- [Lee and Henyey, 1975] .
In this paper, we shall examine a data set ( Data from the latter two categories (designated 'US 79' in Table 1 ) should be considered preliminary and are subject to revision after more detailed study. Several heat flow determinations within a small area of the Salton Trough [Combs, 1971] In Figures 13-19 , heat flow in each of the seven regions (Figure 8 ) is shown (with the reference anomaly) as a function of distance from the fault trace. A casual inspection of the individual profiles reveals that there is no evidence for a thermal anomaly due to local frictional heating at any latitude; if such heating does occur, its magnitude must be much smaller (<<1 HFU) than that represented by the reference anomaly. Attempting to decide just how much local heating at the fault trace could go undetected in an individual profile probably is more a matter for judgment than for statistics because of the uneven areal coverage, the variability from site to site in the quality of temperature and thermal conductivity data, and such locally variable conditions as hole depth, structure, hy- The remarkably uniform values in the Mojave segment of the fault (region 7, Figure 19) Figures 20c and 20d) are indistinguishable between data sets obtained within and beyond 10 km from the fault. In this region, the two-sample T test yields a difference in mean heat flows within and beyond 10 km from the fault of less than 0.08 HFU at the 95% confidence limit. Although it is risky to attach such precision to any heat flow measurements, the consistency of the data suggests that a local anomaly does not exist even at the 0.1 HFU level. However, this is the region in which Thatcher [1979b] In Table 3 we have compiled data from all of the thermal springs that we could find described in the literature that lie within 10 km of the 950-km length of the San Andreas fault trace between Cape Mendocino and the southwest boundary of region 7 [Waring, 1965; Renner et al., 1975; Brook et al., 1979; Samreel, 1979] . The total convective discharge over this distance is 1.25 MW, 80% of which is contributed by a spring at the southern edge of the region (Table 3 ). The reference anomaly of the last section, which corresponds to a frictional O'Neil and Hanks estimate that the isotope exchange in this anomalous band probably took place in the temperature range ---100-200øC, temperatures that obtain today in the depth range ---3-6 km. In the absence of pervasive surface hydrothermal activity, for which there is no evidence today, the surface from which their samples were obtained must have undergone 3-6 km of erosion since the isotope exchange took place. It follows that unless erosion of at least 3-6 km occurred at all of their sample sites during the last 20 m.y. or so, the water circulation responsible for the anomaly probably predated the fault and is unrelated to it. If such erosion did occur, it still does not necessarily imply that the anomaly is related to the fault; it could be the result of differential uplift and erosion near the fault, exposing a preexisting anomalous condition that was a function of depth. In any case, the evidence for isotope depletion occurs only on the west side of the fault and does not resolve the question of why heat flow is high on both sides in spite of the contrasting hydrologic characteristics.
In summary, the similarity of heat flow values and the contrast in hydrologic regimes on either side of the San Andreas fault, taken with the absence of appreciable convective heat discharge by springs in the vicinity of the fault make it extremely difficult to attribute the absence of local high heat flow to hydrologic transport in the fault zone. However, substantial undetected discharge at temperatures slightly above ambient is a possibility in almost any terrain, and more corn- 
•k = --%,, •< %,,
The symbol R used previously is related to R and total fault slip u by
The maximum stress (or 'frictional strength') that can be sustained by a fractured surface on which the normal stress is o, is denoted by rm, pore fluid pressure is P, and effective normal stress is o•'. The coefficient of (static) friction is the experimentally determined parameter/•. R is the instantaneous dissipative resisting stress (or dynamic friction) operating on the sliding surface while motion is in progress. The coefficient of dynamic friction is the parameter/•,, (15). Although the experimental basis for (15) is quite uncertain and the two equations oversimplify a very complex process, they provide a useful framework for discussion.
The frictional strength rm provides an upper limit to the tec- After the frictional strength is reached in laboratory experiments, failure may proceed unstably by 'stick slip,' which is generally viewed as the analog of an earthquake, or by stable sliding, generally taken as the analog of a creep event in the earth. In spite of the generality of the laboratory results, $tesky [1978] cautions that 'we still don't know why Byedee's law [generalized in (14) and (16)] holds nor why stick slip occurs. Until we understand the deformation mechanism we will really have little confidence in extrapolating our laboratory results to the earth.' Nevertheless, the simplicity of By- In experiments on polished granite, Byedee [1970] found that R/q-m • 75%, and he commented that for other media the ratio is usually larger. To the degree of approximation of (14) and (15) Figures 8 and 19 ) where no Franciscan rocks occur. Hence it seems unlikely that the heat flow data can be accounted for by special local geologic conditions.
If the small dynamic resistance is to be reconciled with Byerlee's generalization, high fluid pressures seem inevitable. (We also have alternatives such as the intrinsically weak fault or acoustic fluidization, previously discussed.) However, such pressures do not have to be an ambient condition of the fault the effective normal stress On' (15) would approach zero, and so would R(t). One difficulty with the model concerns the possible limit imposed on P(t) by 03, the least principal stress. As P(t) approached 03, conditions for hydrofracturing would obtain, and further pressure increase might be inhibited. This Table 4 are obtained from ( normal, friction strength 7,, and tectonic stress may be large, and low dissipative resistance is explained as a consequence of the slip events. Difficulties with this ('transient weakness') alternative lie in our ignorance of the dynamics of transient events during faulting. It might be argued that the absence of a local heat flow anomaly over presently creeping portions of the fault implies the condition of permanent weakness described by condition 4 above and that in such places at least, the tectonic stress differences must be very small. However, it can be shown from the results in appendix A that even if the resolved shear stress (and hence the average frictional resistance) on the fault were -• 1 kbar, creep at plate velocities would have to persist for more than 10,000 yr before a measurable heat flow anomaly would result. Consequently, if creep episodes of centuries or even thousands of years duration were separated by much longer episodes of seismic displacement, the heat flow constraint could be satisfied with large tectonic stress (condition 5, above) if large earthquakes were responsible for most of the displacement and if they developed high transient fluid pressures. In the next section, we shall investigate seismological constraints on this alternative.
Fault Energetics and Seismic Estimates of Stress Difference
In the last section, we found that insofar as laboratory information on rock friction is concerned, there are two intergradational classes of simple models that can account for the low dynamic friction implied by the heat flow constraint: (1) permanent-weakness models in which the average frictional strength is also low, and (2) transient-weakness models in which the static friction may be an order of magnitude greater, the upper limit being determined by rock strength. The first type requires low tectonic (i.e., initial) stresses, but the second type permits large ones. In this section, we examinc the energetics of the earthquake process and find that models of the second type yield large quantities of radiated kinetic energy, in apparent contradiction with interpretations of a large body of seismic observations. We shall introduce one new unknown, the final elastic stress, and two new partially known quantities obtained from seismology, the apparent stress and the stress drop (defined below). 
The area between the elastic stress curve and the dissipation curve represents energy (Ea/A=) allocated to elastic radiation. Thus the deformation energy released locally during an earthquake is the work done by the average operating elastic stress %, which can be expressed as the sum of a part allocated to the production of seismic radiation, %, and a part allocated to the production of heat, E For the transient class of models discussed previously, % can be large, and since ? must be small, this would imply large seismic radiation (i.e., large ,a).
The 
and Kanamori and Anderson [1975] find that on the average % ~ (1/2)A. Substituting upper limits given by (38), (39), and (40) in (36a) and using (37), we obtain bracketing conditions for the initial stress ** preceding earthquakes: Figure 22b for a one-dimensional locking model (42c) in which r increases sharply at the end of an event (dotted lines, Figure 22b ). Brune [1976] suggests that such an increase in resistance might result when the particle velocity drops below a critical limit. The resistance is sensitive to shear zone width and pore dilatation, both of which vary as particle velocity changes during an earthquake; 
•'m -->--•'* >--]O[--k 'Tm (43)
We
1-•} •0.25 (47d) Thus the transient high-stress alternative (case 2) requires very large q'a (46b) in violation of (40). This leads to a high seismic efficiency (46d) and the requirement for a locking-type earthquake model (46c) according to the classification of (42).
In contrast, the steady state pressure alternative (or the intrinsically weak fault) is consistent with the small values of (47b) usually reported; it leads to a low seismic efficiency (47d) and could be consistent with any of the three alterna- 4. If the principal events are slow creep, permanent-weakness (type 1) models are required. However, creep events at plate velocities lasting no longer than • 10 n yr are not necessarily principal events (i.e., they need not contribute appreciably to the heat flow even if the ambient stress is large).
5. Physical models for permanent weakness (type 1) include those in which the gouge material has anomalously low friction coefficients, and those in which the friction coefficients are normal, but the ambient fluid pressure in the fault zone is close to the overburden pressure. Although there is little independent information that either of these conditions is general in the fault zone, these models are consistent with the small stress drops and apparent stresses (and, consequently, small seismic radiation) inferred from earthquake seismology. Models of type I require low seismic efficiency; they are consistent with all three types of earthquake models: locking, null, and overshoot.
6. Physical models for transient weakness (type 2) include those in which the ambient fluid pressure and frictional strength of the fault zone are normal, and resistance is decreased during principal events, for example, by a transient increase in fluid pressure or acoustic fiuidization [Melosh, 1979] . For such models, the principal events are probably large earthquakes. These models have the advantage that the anomalous weakness (necessary to satisfy the heat flow constraint) is 'explained' as a consequence of the slip event. Only models of this type can be consistent with large ambient tectonic stress and the heat flow constraint. They have the disadvantage that for tectonic stress controlled by normal rock strength, they require apparent stresses in the range 100 bars-lkbar (depending on tectonic stress state). This is an order of magnitude greater than the range inferred for crustal events from earthquake seismology. For large tectonic stress, type 2 models require large seismic efficiency and locking models of the earthquake process for principal events.
Factors that might control the transient variations of fluid pressure during an earthquake are discussed in another paper . Although they might ultimately prove to be important to the earthquake process, if the heat flow and seismic data are taken at face value (4 la), even such transientweakness models are limited by a fault strength of only -•200 bars. In the next section, we shall investigate the possible relation between these local fault stresses and those throughout the broader interplate shear zone by considering the origin of the broad Coast Range heat anomaly. It is shown that if much of the heat flow anomaly is mechanically generated, it is likely that the seismogenic layer is partially decoupled from the underlying material and that the resulting basal stresses lead naturally to a relatively weak fault, with much larger stresses elsewhere in the shear zone.
THE BROAD HEAT FLOW ANOMALY AND ENERGETICS OF THE FAULT ZONE
The heat flow data from the San Andreas fault region have two notable features: (1) the absence of a local heat flow anomaly over the 1000-km length of fault trace from which (48)).
2. A second plausible shallow source of the anomaly is shear-strain heating associated with distortion and possible basal decoupling of the seismogenic layer of the San Andreas fault zone, which originates in the North American plate at this location (z = 0, Figure 24) .
In an earlier stage of this study we discounted the first possibility, since we thought it unlikely that the top of the subducting plate would be at midcrustal depths (a •< 20 km) for distances ~100 km from a trench at the continental margin, and even if it were, low heat flow in the Great Valley would be left unexplained. However, preliminary results from a recent gravity study near Cape where we have used a thermal conductivity K of 6 mcal/cm s øC. In western California, OH(a) is probably small, -•30øC + 50%. Allowing 15 øC for the mean annual surface temperature and assuming the mantle solidus temperature at atmospheric pressure to be 1045øC yields
Os(O) -OM•a) -• 1000øC (54)
We assume further that the solidus gradient ¾ is 3øC/km and the thermal diffusivitiy a is 0.01 cm2/s. Equation ( 
Models for a Mechanical Contribution of Anomalous Heat in the Coast Ranges
If shear heating contributes to the Coast Range anomaly and friction on the fault is negligible, resisting stresses must be appreciable somewhere in the fault zone. Although we do not yet know how large a contribution is required from a frictional source, it is worth investigating the conditions under which it could be appreciable and what they might imply about the mechanics of the fault zone and the resistance to plate motion at a transform plate boundary.
For this purpose, we consider the quasi steady state mechanical models of Figure 27 in which H represents lithosphere thickness and h represents the depth to which slip on the main fault trace is uniform and discontinuous. At some depth j (Figure 27a ) beneath h, the medium deforms ductRely, and velocity is continuous across the projected plane of the main fault trace y --0. For physical reasons, there must be a transitional layer between h and f, we generally expect h to lie at or beneath the base of the seismogenic layer and j to lie at or above the top of the fluid asthenosphere. Anticipating the problem of accounting for shallow heat sources, in Figure 27b we illustrate the extreme case, with h at the base of the seismogenic layer and j only a few kilometers beneath it at the base of a 'partial decoupling layer' with large vertical velocity gradients.
Displacements occur only in the positive and negative z directions, and they are anti-symmetric in y. Hence our reference frame is fixed in space as the primed and unprimed regions move past it in a right lateral sense. Since we are interested in effects of interaction between the primed and unprimed lithosphere plates, we assume the material at great depth to be at rest relative to the reference frame. In the seismogenic layer AA', in which uniform fault slip is permitted, we assume that v is independent of depth, i.e., plastic deformation or secondary slip can occur only across planes parallel to y --0. We assume further that no distortion of the seismogenic layer occurs beyond y These results raise questions about stress conditions on peripheral faults. In deriving them, we assumed that all of the seismic energy was generated on the principal central fault, equivalent to assuming that the heat-generating stress on minor peripheral faults is the average ambient tectonic stress there. Implications of a broad mechanically generated heat flow anomaly for stress conditions on minor peripheral faults will depend upon more detailed considerations of apparent stress and dynamic friction on such faults and their possible observable seismic and geothermal consequences. If the principal interplate slip should occur at the periphery of the shear zone, the high stresses required by the central fault would not be eliminated; they would only be moved elsewhere [see 
From ( faulting depends upon the applicability of two conditions: (1) heat transfer near the fault is primarily by conduction, and (2) work done against resisting forces on the fault surface is dissipated primarily as heat. If both conditions apply, then generalization 1 implies that during events responsible for the preponderance of fault motion, the average (in, stantaneous ) resisting stress on the fault surfaces did not exceed ,--100 bars; we refer to this limit as the 'heat flow constraint.' If heat were removed convectively by water circulating in the fault zone (in violation of condition (1)), much larger resisting stresses would be permissible. However, we consider this unlikely, because the heat discharge of thermal springs near the fault is negligible and heat flows are similar on each side of the fault, but hydrologic conditions probably contrast sharply. Undetected heat discharge into surface drainage at temperatures slightly above ambient is a possibility that may deserve further study. Larger resisting stresses are permissible also if much of the energy dissipated in overcoming them is consumed by creating new surfaces or by other energy sinks (in violation of condition 2). Our estimate (based on specific surface energies from Brace and Walsh [1962] and an average three-dimensional fracture spacing of 1 micron in the gouge zone) suggests that conversion of work to surface energy is too small by 2 orders of magnitude to affect the heat flow constraint. There is, however, a large uncertainty in the rate of creation of surface area in gouge by faulting. Other possible energy sinks such as chemical and metamorphic reactions should be investigated, although we consider it unlikely that they will invalidate the heat flow constraint. Our interpretations are based on the assumption that the constraint is valid.
The heat flow constraint provides an upper limit (,--100 bars) to the average dynamic frictional resistance that obtained during those events responsible for most of the slip on the San Andreas fault; this probably excludes small earthquakes and isolated creep episodes lasting no more than 10,000 yr. The importance of the constraint lies in the information it provides on the ambient tectonic stress state. If almost all of the slip took place by steady uniform creep, the implications are straightforward; the resolved tectonic shear stress on the fault could not, on the average, have exceeded ,--100 bars and consequently, tectonic stress differences could not have exceeded a few hundred bars.
If, however, most of the displacement occurred during earthquakes, it is the initial stress prior to the event, not the frictional stress during the event, that indicates the ambient state of tectonic stress. The relation between the two is most easily discussed in terms of the frictional theory of faulting wherein the initial stress is bounded above by the static frictional strength and bounded from below by the dynamic friction. The frictional strength is given approximately by the product of the coefficient of static friction and the ambient effective normal stress on the fault; the average dynamic friction (constrained by the heat flow) is the product of the coefficient of dynamic friction and the (displacement averaged) effective normal stress while faulting is in progress. The implications of the heat flow constraint are different depending upon whether or not the ambient effective normal stress persists unchanged during the faulting event, i.e., upon whether the fault is weak all the time or only during an earthquake.
If the effective normal stress is the same before and during an earthquake, then the initial stress will not exceed the dynamic frictional stress by a factor greater than the ratio of the static and dynamic coefficients of friction, a quantity that is probably of order unity (we have used 4/3). In this case, the frictional strength and the resolved tectonic (i.e., initial) shear stress can be only slightly greater than the • 100 bars permitted by the heat flow constraint, and the tectonic stresses cannot be significantly greater than those permitted for steady state creep. Such low frictional stresses, are, however, less by an order of magnitude than those expected from laboratory results (Byerlee's law) in upper crustal rocks with normal (hydrostatic) fluid pressures. This strength paradox can be resolved by postulating that the fault contains materials with anomalously low static and dynamic friction (for example, hydrated clay minerals) or that near the fault the ambient fluid pressures are near lithostatic and, consequently, the effective normal stress is very small. At present, however, there is little independent evidence that either of these conditions occur generally on the San Andreas fault. The paradox cannot be resolved by explanations of low strength that do not also explain low dynamic friction. For example, the strength of small laboratory samples might be much greater than the strength of a large heterogeneous fault because of the greater probability of the juxtaposition of randomly distributed flaws and local stress concentrations on the latter. This does not explain the low average dynamic frictional resistance implied by the heat flow constraint. The paradox could, of course, be resolved without contradicting laboratory results, or by assuming a changing effective normal stress, if the ratio of the coefficients of static to dynamic friction were an order of magnitude greater than we have supposed. However, this alternative runs into the same observational difficulty as the ones we shall next discuss.
If the average effective normal stress were an order of magnitude less during an earthquake than it was before the earthquake, then the heat flow constraint would be consistent with strengths on the order of ,--1 kbar (as suggested by laboratory results for upper crustal rocks with normal fluid pressure) and with ambient tectonic stress differences of a few kilobars.
There are several plausible physical mechanisms that might cause such large transient reductions in effective normal stress. The fluid pressure might increase during an earthquake as a result of frictional heating and thermal expansion of pore fluid or by reduction of pore volume or dehydration of clay minerals Sibson, 1973; Raleigh, 1977] , or perhaps the effective normal stress could be reduced dynamically by 'acoustic fluidization,' as recently suggested by Melosh [1979] . However, models of this kind are constrained by implications from seismology for the energetics of the earthquake process. The work done by local elastic forces during an earthquake must be accounted for by heat and seismic radiation energy. Stated another way, the average elastic stress operating during an earthquake is the sum of a part allocated to the production of heat (the dynamic frictional resistance) and a part allocated to the production of seismic energy (the 'apparent stress'). It is known from seismic studies of many crustal earthquakes that the initial stress cannot exceed the average elastic stress by more than a few tens of bars (half the 'stress drop'). Hence to a few tens of bars the initial (resolved tectonic) shear stress cannot exceed the frictional resistance (constrained by heat flow to be • 100 bars) by more than the magnitude of the apparent stress. Hence models leading to an initial stress of ,--1 kbar require that the apparent stress be of similar magnitude; they are inconsistent with seismic estimates of apparent stress, which are generally •50 bars. Consequently, large ambient tectonic shear stresses on the fault are not permitted by the heat flow constraint unless the seis-mic estimates of apparent stress (and hence of total radiated energy) are very much in error for those earthquakes responsible for most of the cumulative displacement, probably the very large ones. If we take the thermal and seismic observational constraints at face value, it is difficult to justify average tectonic shearing stresses on the fault much in excess of-,200 bars.
In addition to these implications for the stress regime in the immediate vicinity of the fault, the heat flow constraint has implications for stresses in the broad shear zone surrounding the fault when it is applied to interpretation of the broad To explain the heat flow transition by the first process without a contribution from shear heating, extreme conditions are necessary, for example, shallow subduction at a depth of only 20 km beneath the Coast Ranges and complete coupling of the North American plate to the underlying mantle when subduction stops. This would result in a buried one-sided spreading center migrating northward (with the Mendocino transform) as a 'hot line' beneath western North America. The lithosphere beneath the Coast Ranges would thicken southward (from 20 km near Cape Mendocino today) by thermal accretion. Taken literally, the model leads to a deep San Andreas fault penetrating the entire lithosphere; it is too simple to account for the inland migration of the locus of surface faulting. Nevertheless, it accounts reasonably well for the distribution of observed heat flow; the rapid transition toward the Great Valley could be accommodated by a rapid steepening of subduction to 40 km (from 20 km beneath the Coast Ranges). If field evidence for extreme conditions of the sort implied by this model cannot be found, it is likely that an appreciable contribution from shear-strain heating will have to be invoked. Although this requirement is speculative at present, it is of interest to consider its implications, when taken with the heat flow constraint, for the mechanics of the fault zone and plate interaction.
We considered models in which the anomalous heat is generated in a broad shear zone (corresponding to the Coast Ranges) by distortion in the seismogenic layer (• 14 km thick) combined with a possible contribution from shear flow in a horizontal partial decoupling layer at its base. According to the foregoing interpretation of generalizations 2 and 3, mechanical work in this region must account for the contribution to anomalous heat loss in the Coast Ranges and for seismic energy radiated from the fault(s). Insofar as the tectonic plates are concerned, both of these forms of energy are dissipated and are associated with resistance to plate motion. We identified these losses with the work done by the long-term average stresses operating through the long-term average velocities at the boundaries of this region (the seismogenic layer plus the hypothetical underlying decoupling layer). We found that in order to generate an appreciable heat flow contribution without violating the heat flow constraint on the main fault, it is necessary that the (steady state) basal traction on the seismogenic layer be in the sense that resists (not drives) right lateral fault motion. Under these circumstances, the shearing stress on planes parallel to the fault in the seismogenic layer is a minimum on the main fault and a maximum at the periphery of the fault zone. The maximum permissible mechanically generated heat flow anomaly is limited by how large these peripheral stresses may be and 
